Unit 2:
Relations and Patterns
Lessons and Exercises
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lesson assignment dates
1.scatterplots (p. 2-14) p. 12-14
2. linear patterns (p. 15-18) p. 17-20

3.equations of linear relations (p. 19-29) | p- 27-29

4 the slope of a line (p. 30-37) p. 36-37
5.slope of objects (p. 38-44) p. 45-44
6.rates of change (p. 45-50) p. 49-40
7.scale (p. 51-56) ' p. 55-56
Test

Introduction:

This unit focuses on mathematical relationships that are linear,
such as the number of hours you work and the amount of money

you earn. The amount of money ear(f DEPENDS bn the number of
hours you work. A change in one quantity (hours worked) affects

the change in another quantity (money earned).

Mathematical relationships are expressed in 4 ways:

Word statements
Table of values
Equations

Graphs
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Lesson #1: Scatterplots Beach Visitors
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e Identify discrete and continuous data & 3754 e
 Draw scatterplots from data B ggg e
3 .
e Anticipate the shape of a graph that represents a e 150 4+ " I3
relationship 75+ ;’ i ; R R :

0% 84 88 %2 9%
Average Daily Temperature (°F)

Often, when real-world data is plotted, the result is a linear pattern. The general direction of the
data can be seen, but the data points dofnot bll fall on a line. This type of graph is called a scatter
Q>9.'f?}f A(statter plof)is a graph of plotted points that shows the possible relationship between

two data sets. (in the example above, each dot represents the number of visitors for a given

Scatterplots

temperature). A scatter plot is of ten used fo investigate whether or not there is a relationship

&;m%c:ion between 2 sets of data. A scatterplot consists of an(x-axis ($he horizontal axis), a

y-axis (Phe vertical axis), and a_series of dots. Each dot on the scatterplot represents one
SbServation from a data set (it shows the relationship between two sets of data). The position of
the dot on the scatterplot represents its X and ¥ values. You can look at the overall pattern of

the points on a scatter plot to see if thereisa relationship between the 2 sets of data, it will be
easy to see if the datais plot‘red on a scatter plot - to see if they show a trend. A scatter plot is. _
an effective way to show some types of data.

Displaying data in a graph can help you to see relationships between two sets of data.
graph is a visual representation of a numerical relationship. It is possible t¢'predict
the value of one variable when the other value is known.

. /-—"""-».
This prediction is called- extrapolation,)depending whether the prediction
is between two known values or beyond the known values.

Given
o Interpolation is estimating values‘BETWEEN "he existing P

data points in the graph. L Extimated
A point

o Extrapolation is estimating values OUTSIDE} the »
existing data points in the graph. Follow the pattern of
the values to extend the graph to predict a value not on
the graph.




To see a relationship and to make predictions we first must make a graph that relates the two

variables. Here is an example of a graph of a scatter plot.

Height and Weight of Starters on BB Team

Height, inches | Weight, pounds | ¢We have a table of values o 2501~ =~ "7 "% l

67 155 on the left with the height 5 2 1 ‘

72 220 d the weight of fi g * |

77 240 and the weight of five g 5o Lo |

74 195 starters on a high school Z 00 |

69 175 basketball team. g 88 70 T2 ™ T T8
Height, inches

To the right, the same data are displayed in a scatterplot.

Axes: Independent and Dependent Variables

Creating a scatterplot is very similar to drawing a line graph.

The variable on the horizontal or x-axis is the independent variable because it is not affected by
the other variable. The variable on the vertical or y-axis is the dependent variable, because it
DEPENDS on the independent variable. If we were looking at temperature at certain times of
day, time would be the independent variable because time does not depend on temperature. The
temperature (dependent variable) DEPENDS on the time of day (independent variable).

Example: Identify the dependent (d) and independent (i) variables in each statement:
a) The size of a dog compared to the amount of food he eats
b) The amount you earn compared to the number of hours you work

¢) The amount of fertilizer used compared to the plant growth

Creating a Good Scatterplot:

A good scatterplot requires the following: for a relationship between two things you are
trying to find out what makes the dependent variable change the way it does. Look at
the graphs above to see all these parts represented.

e A . for the Exes
. for‘ the axes e Accurately plotted points representing the
ordered pair

**0On your resource sheet, list the steps to a good scatterplot.**




Steps to Drawing a Scatterplot (see example below)

1

2.

Draw and |label lthe horizontal and vertical axes correctly (see p. 6) with the
|var'iables Jand luni'rs |They were measured in (if there are units).

Wreite a suitable on each axis. (The scale should allow you to fit all your given
data on the graph and should allow the graph to fill most of the space given.
Choose divisions on the axes that make it easy to plot the points accurately. The
divisions and the scale should be consistent

for the whole axis.

Plot each point accurately and clearly by
finding the location of the independent
variable on the x-axis, and then the location of
the dependent variable on the y-axis.

Give the graph a ha‘r explains the T e
relationship between the two variables. o -

Example
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1. Try it: Given the following data set, draw a scatterplot. Include all the steps (see p.6).

Age in years

50

10

20 30 20 40

50

10

30

40

10

Height in cm

162

152

17 1 168

178

142

162

178

147

3 47 | 163

U

{90

|&°

(72}

[

szl M

[0 20 |

20

— —

Checklist:
Graph title OJ
Titles on both axes [

consistent scales on both axes [
consistent division on both axes [

Units on both axes [0 Scale chosen so it’s easy to plot points O
Scales chosen well so that space given is mostly filled with graph O




Linear and Non-Linear Patterns

One pattern of special interest is a linear pattern, where the data has a general look of a
line going uphill or downhill. Data can be linear or non-linear or have no pattern at all.

Graph A has no
pattern. The data
shows no
relationship,
correlation, or
trend.

Graph B is linear.
Although the points
are not exactly ina
straight line, you can
see that it is close
to being a straight
line.

6raph C is non-linear betause it
is not a straight line. It does
however show a distinct pattern
and you could still predict (with
some accuracy) where the next
point should go.

**On your resource sheet, put an example of positive trend, negative trend, no

trend, linear pattern,

non-linear pattern.**

2. Tryit. —State whether each graph is linear, non-linear, or does not show any pattern. As well state
if it shows a positive trend, a negative trend, both positive and negative trend, or no trend.
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3. Tryit.

Typos found in Books with
Differing numbers of Chapters

-
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a) What was the approximate number of typos found in a book with 4 chapters?

b) Approximately how many more typos were found in a book with 8 chapters than with 5

chapters?
8 Chup¥es > (I hypos | §Chagls thyp s // 6 = Brnoce]

T

C) Describe in words the trend represented by the scatter plot.
A

As the number of chapters W , the number of typos
t
found

This is a /}iM‘( M __trend/relationship/correlation.
L S
The points have a W( pattern.

d) Predict how many typos might be found in a book with 10 chapters. /;

(Is this prediction called interpolation o extrépolati - )

e) Could this trend continue indefinitely? 10O - (I"} wi Ml e~d

Whea Y bk pads (ii.w#z# of thapHtD
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Continuous or Discrete Data in a scatter plot - line or dots?

Once we plot the data points we decide if | Discrete vs Continuous
the data is lcontinuous| or discrete, If
it's discrete (there is no data possible | S
; — Number cf boys in the ciass
between the pOinTS) then we leave the i — Humber of candies in a packet.
. . i — Number of suitcases (ost by an airline. }‘
graph as points. If the datais ' ‘
|
|
|
|

Examples of discrete Data

Continuous

LA

T. Discrete
continuous (data exists between the * Examples of continuous Data ‘

—~ Height of a parsen.

I
given points) then we join the points | tinein e race. \
WITh a |ine or a curve. — Distance waveied by a ca o

r’T‘Separate NPoints 1
Points Joined

Goldie Locks hates it when she burns her mouth on hot chocolate 1 winter,

Example:

out she also doesn’t like to drink it cold. Goldie decides to conduct an
experiment to find oul hew long she should wait before she drinks her hot

ner
chocolate, s¢ that it is net too hot and not too cold. Draw a graph of the data.
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) i
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( 0 15 2 2 3 :

Time gminutes)

The points are joined in this graph because time and temperature exists in between the
times and temperatures given. The temperature and time data is continuous.

We join the dots with a line of best fit. In this case the points are all on the line. This
will not always be the case. It is okay if some of the points are slightly beside the line.
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Anticipating 6raphs - Predict the Shape of a Graph based on the Data Given

To predict the shape of a graph that best describes the data, you need to answer the following
questions:

» TIs the graph going to increase or decrease from left to right?
e TIs the data discrete or continuous?
e Is the data going to be in the shape of a straight line or a curved line?

**Write these questions about shape of graph prediction in your resource sheet**

5. Try it: Predict the shape of the graph that best describes the data. Choose whether the data is
continuous or discrete and say why. For each, write in the box how you know that's the shape.

A) The height of a bal atthe top of each bounce after l‘r has been dropped.
*continuous dlscrete7 - why? M L may hgdiht Pad b avalt

L)
B) Your speed when you drop into a half pipe and come up on the other side. l ’6/ ‘
fontlnuous / discrete? - why? _g.ocx) Wﬁ_[ o Caa IO,

s

C) The amount of money you earn compared to the number of hours you work. y
*continuous )/ discrete? - why? \AN CIW" ot I"“é\ sy had ‘éﬂ hr
ﬂ\ ,\mf @,\( &‘ME ﬂ?w/fji
D) TITe‘Value of an investment, with interest compounded annually, compared with the number

of years the money.is\jnvested. [
*continuous /; dlscrete§3 - why? %‘(’“"‘6" amosnt 0 Finkver
_ ¥ orha s ot
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Scatterplots Exercises

1. For each of the following scatterplots, check off the applicable descriptions for the

trend shown.

Linear ____

Non - linear _I/
Positive trend [
Negative trend

No trend

Linear i/

Non - linear

Positive trend L

Negative trend

No trend

a) Figure 1. Car ownership in Anytowne, by household income
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Linear
Non - linear
Positive trend

Negative trend

No trend [ |

Linear t e

Non - linear
Positive trend
Negative trend ‘/

No trend
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2. Matt sells ice-creams at outdoor events. He often buys too much or too
little ice-cream from the wholesalers, so does not make as much profit as he
would like. He decides to record how many ice-creams he sells over a number
of days, to see whether there is a link between the temperature and number
of ice-creams sold. Here are his results. Construct a scatter plot to see if

there is a relationship between the temperature and number of ice creams
sold. Follow all the steps in creating a scatter plo‘r (see p. 2). Should you connect the dots of

your points? Why or why not? no - ‘\‘“ i/ isthe 1‘1’3‘&1 _ptr dmy —thut
REL V0 Avvim A7 o LTS Al va-v/w‘

—
]

K2

G Yo Y (owtulllf tor ¥ w‘a‘aa

an r (°C)
Circle/fill in the blanks:

a) Would you say there is /negaton-linear relationship, or no relationship
between the tempergisme andfiumber of icecreams sold?

b) It appears the s not a relationship between the temperature and number of ice creams
sold. When the temperature is low, the number of ice creams sold is \ ?1 ) . When the temperature
is. "N the number of ice creams sold is high. There isa 005 ) [1¢es  trend.

14




3. For each relationship, state the independent and dependent variables (see p.3)
a) The cost of a brand of cell phone compared to its memory.

independent: A ad | dependent: CAO}'

b) The processing speed of your computer compared to the memory available on the hard drive.

independent: M(_V MK\E&UQ dependent: __p_fmm_w
1]

4. Which of the following situations are continuous? (see p. %) Why?

a) the final exam mark and average qu marks for' The sTudenTs ina gmde 11 math class
iw — P heb et 4{»' 8¢ v g £on

- wehicl con bt
@he price of a vehicle compared to its age m h& 25? ud peica ! enr W};hwﬂ" .

c) pr‘oduc’nvné:: a facfo:y ar;i ;::le number of wogker's workmg ( no Pl irvmnk) 9/ v ke
C\\,:\‘*‘»’% 5. Match each situation with the most appropriate graph. Place (a) (b). or (c) in the space
provided beside each graph below.

a) For every $100 CDN you exchange at the bank, you receive $94 USD in return. Compare.
dollars CDN versus USD.

b) Jerome has two children, and then his children have two children each, and so on. Compare
number of children versus time.

¢) The class average was 85%. Only one person got 60%, and only four people got 92%. Compare
mark percent versus frequency (ie the number of people that got each mark).

A A
y EN /‘\‘\DJTWW
P o b A
{é‘ ‘ 9 L3 A
XU) {f . At W
* 5‘ ™ W&‘ },
- . ' X4
* v %
8 . " ® L W ‘Lg
LA S I i
2. b, ore . b, a, b,ore TS
2. b, orc) Childr ( ) e Pt ko
A
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6a. Which graph best represents the number of days since a sunflower seed was planted and the
height of theplant? __C__ = Why?

S\(LLM A0 M?ka A/ - k;}- H'«-\ gmgv% Ol

Graph A
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b.) Which graph best shows the relationship between the number of minutes since a pie was
taken out of the oven and the temperature of the pie? [& Explain.
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Lesson 2: Linear Patterns in Data

A linear relation can be represented as a graph, a table of values or as a pattern.

When plotted on a graph, a linear relation is a set of data that looks as though a line could be
drawn through it to represent the data. The data does not necessarily need to create a perfect

line, but overall, the points should form a straight line.

1. Try it: The following table of values shows the r‘elaﬁonship between the height and weight of

students in a class. Draw a scatterplot. (Follow all the steps - p. 6). Skow height 50-80" and wei
¢ 80-200 Ib3)(start #s at 100), -
™

Height inches | 61 | 69 | 71 62 | 65 | 73 | 65 | 72 | 70
Weight pounds 110 [150 | 180 | 120 | 140 | 200 | 130 | 165 | 180
Wefa b & woirs BF oF Sldog
—
b
2,92
\\::g\ P.
x 7
~ I3 : : ‘
=~ ,/
,/_'“*
)00 —

Now that the data has been graphed, draw the line of best fit or the line drawn on a scatterplot
that best represents the data on a scatter plot. The line of best fit allows us to draw
conclusions about the graph and to make predictions. Not all of the points have to be on the
line, but the line should be drawn through as many points as possible. bout halfythe points not on

the line should b@ the line, an@%ﬁ@hould b b;ldw' the line.

Note: The line does not have 16 pass through the origin (point 0D). Sometimes the line will not
B it L9

pass any of the points on the graph,

**Note the characteristics of a line of best fit on your resource sheet **

When you draw the line of best fit, what trend do you see?

The':\ h“u amale student is, the /YOIt he weighs. This is a QQ&' i: f’iL \MW trend.
1
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Linear Patterns - A pattern that represents a linear relation is known as an arithmetic

sequence or a linear pattern, suchas: (1, 5, 9, 13, 17..) and (14, l/ﬁ, 10, 8, 6..)
A

add 4 each time

Linear patterns occur when a set of numbers is created bhe same
number each time. :

2. Tryit: Idenhfy the following patterns as linear or non-linear. If linear, say how you know.

N

o) 1, 19/'27 3((3 ||/1€A - (444 & echhine)

b) 32168 4 5. _non-linter (shpback S ad B )22 et ley
¢) 1,0,-1,0,1.. .. Non lkrers [fomihvte +! Senthmno ~/)

d) 114,101, 88, 75,62.... |\ e (Subpack 13 wih Pt

,\3 'u 4..7
Linear Patterns in Table of Values

subtract 2 each time

Patterns can be represented in tables of values. However, it is important to note that both the x
and y values must increase or decrease by the same number each time.

Example:

In the example below, the x-axis or number of purchased apples increases by five, while the y-
axis or number of free apples increases by one.

+5 +5 +5 45
Number of apples purchased 5 10 15 20 25 «independent values
Number of free apples - 1 2 3 4 5 «—dependent values
+1 +1 +1 +1

By seeing if the x and y values increase or decrease by the same number each time, you-are finding the
rate of change. If the rate of change is the same for all possible sets of any two data points, then
—————— - -

the relation is linear.
(‘______,_m et g i T e,
cha:n ein the de ndent variable
Rate of (:hange fc;rmula Rate = g pe

change in the mdependent variable .

T #‘H

e an AR L et

s siptatan .
b L s, "

From the above example, cgmpare 3 sets of data pomts

(2,10) and (1,5) 2-1 1 (3,15 ) and (4,20) ﬂ and (4,20) and 5,25) >4
10-5 15, 20 15 25-20 (5

I The rate of change is the same for each pair of data sets is the 2ame. Therefore the relation is lineaf. i

18



o

Proportion:

There is another way to see if there is a linear pattern than by counting. Each category separately is

a linear pattern. Therefore entire set of data has a linear relationship. You can see if the pattern
increases by the sameproportion éach time.

Number of apples purchased I Number of free apples
5 +5 1
10 + 5 2
15 +5 3
20 + 5 4
25 + 5 5

For every 5 apples you buy, you get 1 apple free. Therefore the number of apples purchases

divided by 5 equals the number of free apples. )
210 - )5 u "'z’a’")ﬂf&f”‘;""’f’”"‘-"@
“ - > %7 PR Lo,

You can predict how many free apples we could get if we bought 100 apples.

(}00 + 5 = 20 free appleq

—_—

3. Try it: Which of the following table of values represent a linear relation? How do you know?

b -

) _é_gfém&) Magsa(i\&\g_’ ) Frame No. |Perimeter(uni)  gr Y=< < |

: <7 =

Y 10V, 4 P by TR

o (2 28! , Y- both ot

(3 55)F07 ol B of dad~

e 62 +i{4 8]0 e by

* ’ 5 20 ‘ |
h°¥w{d¢w3 N i 6 2 JZM '

pj Fered &' N"?
rap¢/$v\.‘ Coid,

¢) (You can use the counting method for the first 4 sets of data points, but because The data set  Frwi-

Number of floore i ; . ; . o doesn't jump by the same
an apartment building curr | wm the | gae - number each time, you will need
Number of apartments 36 48 60 7 120 to see if the proportions are the
" }in the building ’ same.) A A .
36 _4F hre Lot ol -
,5.,_@,,6_,. Yo They inrmac 199 amm prere

If there were 15 floors, predlc‘r how many apartments there would be in the building. I £ W}‘ f-
s < [Bo 19



Linear Patterns Exercise

1. State whether the graph is linear, non-linear, or does not show a pattern. =

2. State whether each pattern is linear or non-linear. If it is linear, what
number do you add each time?

a)-4,-1,2,5,8,. /non-linear' MC!/? La th, i

\7

A
by 1, 2”;3"5 -)lmear' don'Fol)l Sama B earh himt
(aél’t I\viﬁ"jbf’ NAF pom o o etk

AD +

¢) 14116 64, 256,.. Hlinear/for-Tears : “-WMWL”“‘;’,?A/)EM;,& "
- PNITY ot § bt “ Sbly,

d) 251, 272, 293, 314, 335, -@non linear _add 3 7 .eagh it

20



3. Sort the following relations and patterns into linear and nof)- h4¢ar
(Hint: For the graphs, try to draw a line of best fit)

a} X 1 K 2 e 3 o~ 4 o - w&..;m
77 21~ 28 | vty of thepp s
. ( . K 28! : ?—
b) -30,-19, -8 3 14, ... fever (add n) ' = e
U TR 1 a
2, -4,-6,-12, 14, ... e ¥ lneer b
C) ""'i;: f..i A‘_:"'b :‘;' s v w;k,wh ﬁO';’ A,w 2 $W )
o S .ot e (=)
d) =
s e e e Myv{/% o i ] J
. ‘,/ . ) W
- T Jup—— ) (N~
. s ; o (%" ) o

e)

f) 60,210.. not Aviean

o/"'/
Distance (km) 1 2,4 5 6 %
Time (h) 6 | 12 30 36

g |
h) | Time (hours) 0 2 4 6
Temperature (°C) 25 23 21 16
M of C4 DL ——
e MO Ceeg 2 -1 -
e AN T
L 2 ne ,_ W

_ gee
veopt =T
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4 lwhich graph represents the correlation of its given situation correctly? yl"’ v , W y
oym vo- ) m O S (B)
A w7 4 ’ 4 : P Y
o4 east 5{ o o™ p . U (e o
Amount of PN Number 'l..,\jw" \ f Number of ™ * Amount o ®
L4 MJ)’ of W W people of P
dog food A ® . PY
® g Loste tourists i going * o clothing ™
purchased . [
[ 2 ] fying to .® swimming . sold PY
Hawalii * L e @ L]
. .
> > . > e 2 .
Size of the dog Cost of plane ticket Temperature Number of customers at

clothing store

5. The table below shows the cost of flying from San Francisco to various other cities in the
United States There is a relationship between the distance you are flying and the cost of your
plane ﬁcke‘.’The data from the table is represented on the scatter plot.

Draw a line of best fit. When you draw a line of be
What kind of trend is this?

st fit, what trend do you see?

Mt T plome Nt coiir.

Distance(miles) | 600 | 374 | 1,240 | 725 | 150 | 1,100 | 950 | 1,500 | 500
Costofthe | ,,31125| 200 | 180|110 | 224 | 180| 250 | 164
plane ticket (5}
‘ e
300 /
o -
Costof 250 yz
plane ﬁ”:«'i‘f
ticket 200 CBX
15) , j ot
1"
1
- mm-—ﬁp
0 250 500 750 1000 1250

Distance {miles)
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6. The graph shows the weights of dogs and the
time it took the same dogs to complete an agility
course in seconds.

Which shows the line of best fit for the data?

A} 100
Seconds 80 y v
60 I
40
20
i |
0 20 40 60 80 100
Weight (pounds)
B) 100
Seconds 80
2
20
|
0 20 40 60 80 100
Weight (pounds)
&
100
onds 80
&0
20
! , =
‘0 20 40 60 80 100
Weight (pounds)
0} r' 3
160 3
Seconds 80 010 1]
60
20 *j
| N

®
0

20 A0 60 80 100

Weight {pounds)

a0t
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Lesson 3: Equations of Linear Relations

An equation is a mathematical statement that describes a relation. The letters in the equa‘rioﬁ
are the variables, and as one variable changes, the other variable also changes.

You can show a relation in words, as an equation, as a table of values, and as a graph.
When you are given a linear relation represented in one of the above 4 ways, you can
express it in any of the other ways.

Example: Emma is paid an hourly rate of $15. She worked the following hours: Mon: 6h, Tues: 8h,
Wed: O, Thurs: 4 h, Fri: 5 h.

a) Express the relation between.daily gross pay and hour's worked in Eor'rk ]

l@fﬂifﬁw? ' il k]

b) Express the r‘ela‘rnx be‘rweZ;rhe dallioss pay dnd h rs wor‘ked as an fequation| (Translate
r

the words in (a) into vpriablesgind Matherfatical symb

variable represents). § . '

c) Use the equation to express the relation with a table of values.| (The independent variable
goes on the left and the dependent variable goes on the right. (see page 3). Put a title for each
column with the variable and the word(s) that the variable represents. If there is a unit, include it.

Day ,\/O\’:‘f A &a./e'dl Py (j) P": '{I‘\

Mon (a 0/0 r)‘:/’({b)zf YA
Tues P /w \0: }{{J/):«}Zﬁ
Wed 19, 0 P - S (o)e©
Thurs 4 (o p= is(4)= bo
i ¢ 5 | peistsl =
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d) Express the relation between daily gross pay and hours worked as a graph. (Remember all

the steps to drawing a graph - p- 4) Should you join the
Jjoin the points, use a ruler.,

points? Why or why not? If you

Wo — Otler armosis 49/ AOLrs o |
Y,

(07\95{ sty 7 befroeon Y Al %/;f Noors

{

e
S

T

T

Emmes 9ross Py

SSS160p.

g

J,;/

o
(]

Dot Fvors o
3




Linear Equation - Direct Variation

Direct variation is a simple mathematical relationship between fwa variables that canbe
expressed by an equation in which |one variable is equal to ﬁonstanﬂa number) Glmes)rhe other—|
A linear relation of the form is called a diirect varM say "p varies dlrecﬂy as
h" or "p is directly propor'honal to h". I n this equation, 15 is the constant of variation or the
(m) Note that the cotifam‘o\fmr_/gf/oﬂ is simply the Aourly rate of pay.

!\
! \z

| =
15 is Constant of variation. or Slope (m)

Graphs of direct variations have the following properties:

e Straight line

e Pass through the origin, or point (0, 0)

e Increase in value as you move right along the horizontal axis
——— T —

A direct variation is represented by the equation:

|Dependenr variable = slope x independent Vdfiab/é or @

|* *Put information about direction variation on your resource sheet.* ’T

Example: The co @ tled water in dollars varies directly with i@n litres. The

slope (constant of variation)is 2.

a) Express this variation as an equation. — |

b) Express this variation as a graph. (First el C=2v
construct a table of values. Remember
instructions for creating a table of values (p. 19c) V4
and for creating a graph (p. 4).Should you

7 |

connect the dots? ~ ;& SN T N SO T TS IO P //‘

VOium L)V |costlf) © NP Y&

0 o Cz2¢ o) \(‘: 1w ,/

5 1o lO<2(s) S % /c/

10 25 |t (d) A 7

15 Yo [C2 207 ':, e

20 L/O € ? (W) g 'O;h b & 1O v i M4 2w \/
¢) How much would 1 litre of bottled water cost? Z_._ §? o V0,’0,“ ( ,Q)u '

The constant of variation or slope is 2. We can think of the constant of variation or slope
in this example as representing the unit pricing (cost per unit).

20



Linear Equation - Partial Variation

What happens if the graph doesn't intersect or pass through the origin?

Sh
Example: Emily is paid 515 per houa I her hourly rate, she receives a bonus of

ross pay (p)and her hours

each day for travel expenses. Express the relation between her dail )
~worked (A):
\) 0=_I5 ht SO
1

a) Asanequation:

gross pay per day (p) equals $15 times the number of hours plus $50

b) With a table of values

Nouer w b | Gross pen(y)
yo

p= < (s)+50 = OFI2

7

A
0 s© .
} 6{ P:/T(/) Fyo =757
Z yj F:F((I)”*')/Q < 70#7°
j 97{ p: 5Ty rie = ¢~ 72 O
P 1 V-15h+¥

o

a
c) Asa graph. Should you connect the dots? I\ )

, (/JJ \»\\\L% //

¢«
Ctnn L= Nyt
Iy &
[ 1 .tt. L
— W U
Y 3
1/]
o | 2 X ' 7

Linear relations of the form,/p = 15h + 5Q, gre known as partial variations. The value 15
represents the constant of variation, k (or Xope, m). The value 50 represents Th@ixed valuve, F

%’uu\)v«/t\-u e

S bl -t
2 g ) 2

(or y-intercept).



Form of Partial Variation:

The fixed value is the vaiue of the dependent variable, when the /h:fépena’eﬂf yar/bb/e has a value )
2£ 0, (and is also known as the y-intercept b).| xIhe graph does not intersect the origin (0. 0). &

A partial variation is represented by the equation:

Dependent variable = k x independent variable + F

or Dependent variable = m x independent variable + b (in other words: y = mx + b)

Try it: A car rental company charges $30 per day, plus 5 cents per km to rent a car.

a) Identify the type of variation: J”p//\” [ 17 |

=3 : Y
b) Express this variation as an equation: C °r 9,0 D,r c/ o -
(Cheose Halthers. Tay bt Hooy vepresed-) pu—
CD rentad car+ do dotmnc driven (k)

it v

¢) With a table of values ./Us e IEM, 200 s, P mf""t?t:?

A i (ln) | CosF F)
S C
O £%) Yor O85(0)=37°
2)00 (/O Jo ')'(,E))Of)(b@): o+ 10
VDO e Do s (2,05 N> T Jor 2o
bi)@ 6o Fo + (o, o) (o0) = 207 2o
d) Asagraph Cﬁh 010,9{5 s 2o
Y -

\Ad

o 69
R O 8



Interpolation and Extrapolation:

EXAMPLE: The following graph displays the amount of gas used on a road trip. The car has @
gas tank.

o Gas Used on a Road Trip

69 S e e s e £ 5 L3 i o Mt ot g SV M WA 9 S s vt b« a1 Ammr o mn ks we
=5 - S "
'§ 4D 4 i e v,,...m,,,_:- o e
-t o~

400 500 600 700
Distance Driven (km)

a) Use the graph to complete the following table of values (hint: Use a ruler to connect the
distance driven to the graph.. and then to connect that point on the graph horizontally to gas used.)
Finding the gas used for 300 km is d INTERPOLATION because you are estimating using the
graph and because 300 litres i@ﬁher known values. See page 2.)

Distance driven (km) 100 300

Gas used (L) 1\ 3!

b) How far could they drive before running out of gas? (hint: Use a ruler to extend the graph to
Just past 60 litres. Then use the same method as for (a). This is called EXTRAPOLATION
because you are estimating q value using the graph but the value is BEYOND the end of the

graph) ___ IS 1§
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Equations of Linear Relations Exercise

1. Under average road conditions, a vehicle can travel eight kilometres on one litre of ‘
gasoline. During the month of August, a vehicle uses the following amounts of gasoline: 30 - :
litres, 45 litres, 10 litres, 40 litres, and 25 litres. Express the relation between the
distance the vehicle travels and the amount of gasoline required to travel that distance.

a)inwords  b) as an equation c) with a table of values d)asa graph

[ Aohoce Pl 1Y) ofpeel>

et o LG Fimi)(E Tidees

A

b) equation:

d) ;QM/W* - (naitary o144

Ui i
c)

A 90ll) o | dihoulln))d
‘lr e 3o 2yo
\; 45 Ao
) \l‘” /o &

4 1 —
(§ oo /,/ o [0,
§) =1yo
w S{45)= 24+
L $(is) =fo0
'Do &'(’f% J=> 720
"g.é"'@’/ A FOr) =249

(EaA 10w I e =)
N WMFO/%(,(}

7 S
o onspumt I
R




2. The cost of building a highway is $500 000 for each kilometre. Us C to represent the cost,
and n the number of kilometres.

(no A anvomd  paspes throshbyel

a) Is this a(@ bartial variation?

b) The constant of variation is: }(:‘ S 2 #22  Ts there a fixed value? If so, what isit? ¥3D

Q=500 03~

c) Express the relation as an equation:

d) Express the relation as a table of values. (Use O to 50 km, counting by 10 km). You could write
out the millions for the cost or you could say “cost in millions of dollars".

e) Express the relation as a graph (choose appropriate scales for the coordinate axes).

e) OQO" o~ Lo “"/ )7\1"““;'] ‘wﬁﬁw@?
|V

d)
K
. .
I g0 Poder o ook ()
s Joilgnitvs
o ™ C
g ] 9 L gy 007
30 P [0 por 8
g + 3o 13 03 0"
> gy { %!Q 2O o 082
§ / ) 2% 29 91
o
G/ : -

o e N

2 9o T
numbey of Wileaateg

Remember: graph title; axes labelled with words, units, numbers, letters; fill up the space given; join points with ruler;

equally spaced numbers with consistent scale
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3. Consider the variations d=10t and d = 10t + 40.

a) Which equation is direct? d: [0 < b) Which equation is partial> /0= jot +&o

b) Create a table of values for each and then draw each of the variations as a graph on the given
grid lines. Choose appropriate scales for the coordinate axes. Vit += 0,2/ 4, 6,8, /2

d=10t
E t 0 < |49 6 & | /o ]
I 0 2o | Yo | 4o & | /o> ]
d=10t + 40
€ [ o 2 Y 6 £ />
L | 90 6O I /0o / 20 /o
3a d =/0t k,\ [o= (ot +yo
' ¢
[® s
s )
& < 4
A\ rd
o 3 /,/
(o :
) ///‘ $ A
.4
fo - By
‘e = vs
L /‘/ °
| £
d =10t d =10t + 40
c) find the value of d on both graphs when t = 1. /0 sO
d) find the value of d on both graphs when t = 4. o O

e) One way the graphs are the same is: _ \Q M e Covetziat "/V‘mﬁ« N ( °) &‘WJ’I’I")

f) One way the graphs are different is: A < lot J‘H?‘J at 0)p_ &:1:»/#4" f/’\/f/
ntieake ) 2¥ ©0)42)
9) The fixed value (or the y-intercept) represents:  (, shase e UL 22, 7N 9 W)

%




Lesson 4: The Slope of a Line

‘Take a look at 'rhe 2 graphs below. What is the same, and what is different?
Emn't goaph Lhepe

Same: ?f b2 {o0,0) different: (;W Jt6 ﬁg*)
Emma’s Dally Gross Pay Lynnie's Dally Gross Pay
First Week in November ﬁ First Week in November
200 T T 200 ' g
180 41 L] ; 180 I
‘60 o ,i ,,,,, T - E . i }m; 7‘: B 1
;‘g o SN S f@ - ,v.q“ JUNIRS S S -
2 0 A B T
< 100 v & 100} -
o (o}
5 e 1N ERY . & 8 ; T
&0 ;- 601}~ izt o] s .
oo /}"/ ! NNEN ERNRT NENRD i Ny
o4 B R o S 40 | e
ye - -1 -4
23 /f - 20 - T
i
0
1 2 3 4 5 ¢ 0 2 3 4 5 ¢ 7 8 9 10>

..mar,,,

CST\'SV‘.%-)’( W

~ &

..., HOUrS Worke
I

J‘:f /11)
Calculating the slope of a line:

Method 1: Direct Variation: substitute into equation y = mx

EXAMPLE: What is the slope graph?

1. Check whether the graph is a larﬂal or direct variation. It is a

chic et

variation

because it passes through the point 10, 9)

= mX

k!ependent variable = m x independent vanat%l

RSl

of a graph is also known as the €onstant of

Therefore, use the direct variation equation:

variation.)

2. Enter the coordinates into the equatio or m.
Choose a point on the graph, such as (4 hr, $30). Enter the coordinates into the
equation (without the units). We enter the independent variable 4 for x

and the dependent variable $40 for y. When we divide both sides by 4 we see that
6‘0 -

the slope (m) is 10. =Y Yo L{gy <
=" W)‘S)} ﬁ

3. To check if this is correcf start at the origin. Move up to $10 on the y-axis and then right

one hour on the x-axis. If you are on the line, the slope is correct.

ety Yo =40
Y

3
e
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.

(/Slo ejis a ratio, or comparison of the "change in the dependent variable" to the
change in the independent variable”. Slope is the number that describes how far a
line moves vertically, compared to how far it moves horizontally. It describes the

rate (how fast) at which a line falls or climbs. Slope can be expressed as an integer

(ex. 15 or -15), as a simplified fraction (ex. %), or as a decimal (ex. 2.5).

Method 2: Use a slope formula.

There is another way to calculate slope, which works for any linear relation, not just direct
variation.

EXAMPLE: Calculate the slope of Emma’s and Lynnie's pay graphs.

Step 1: Chose 2 points on Emma's line graph. It is most convenient to choose points that are at
the intersections (or on the lines). Refer to the chosen points as Point A and Point B. So, Point A
represents a gross pay of $60 and 4 hours worked (4,60) while Point B represents a gross pay of

$120 and 8 hours worked (8,120). (4 (,O) (J"', 12e)
)
* - *

Step 2: Find the vertical change (rise). Calculate the
change in gross.pay from Point A to Point B. Change in pay = [élope (m) =

vertical change
horizontal change

120 - 0, which is $60._ .
3 $60, which is $6 . change in gross pay
Step 3: Find the horizontal change (run). Calculate the change in hours
change in hours worked from Point A to Point B. Change in 120 — 60
hours worked = 8 hours - 4 hours, which is 4 hours = W
Step 4: Divide. 40 = Y=IY, m=15

w—"""/-w
The slope is 15, so Emma’s wage is $15 per hour.
Use a formula to calculate the slope of the line.
(Do not include the units in the formula.)
slope (rate) = chang.e 1T1 dependent V@able (vert.zcal) or |siope = ve.rtlcal change or |stope= rise
change in independent variable (horizontal) horizontal change run

Because the dependent variable is on the vertical or y-axis, and the independent variable is on

the horizontal or x-axis, the formula can also be written:

Vo= N
Xy =X

m =

The 4 formulas given for slope are all the same formula, just written in different forms.

You need to use the one easiest for you (and the one that works for the situation.)
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Em s 4 Lyaa/ek
1. Try it: Calculate the slope of byasie's pay graph in the same way you calculated Emma's slope.

‘(...‘r.é’—-& = 60 _){
s 9 () g

or (o) (b ¢0) g A fons C.Wa{.,y

nte i Y

10860 =225 e dJ 3
€=V : Jod 15 an howr -

Emma has the larger hourly rate, $15.00 per hour, as compared to Lynnie's hourly rate, $10.00 per
hour. Therefore, Emma has the greater value of the slope, which results in a steeper graph of
the relation. In general, the greater the value of the slope. the steeper the graph of the
relation. This is true of any linear relation.

Two special Cases of Slope

e Special Case #1: b’ he slope of a horizontal line is always zerd. This is because the
change in the dependent variable or (y, - y1) equals zero. A value of zero in the
numerator always results in a slope that is zero.

Put the the pair of coordinates (1,4)and (3, 4),
into the slope formula. That gives you four minus
four divided by one minus three, which reduces to
Zero over negative two. That means you have a
slope of zero. Anytime you have a line with a
slope of zero, you know that line will be
horizontal.

» Special Case #2: h‘ he slope of a vertical line is always undefined.] This is because the
change in the independent variable or (x; - x;) equals zero. A value of zero in the

denominator always results in an undefined slope.

(4 1\) (4 3‘) Put the pair of coordinates (4, 1) and (4, 3), into the
LU O WL R slope formula. That gives you one minus three
divided by four minus four, which reduces to
ms=y:-y, =1-8 =22 negative two over zero. Since you can't divide a
w oy s number by zero, that means you have an undefined
T2 4-4 0 slope. Anytime you have a line with an undefined
s slope, you know that line will be vertical.

IfInclude the description of slope, the formulas, and special cases in your resource sheet.’al
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Example 1

A theatre owner was interested in the relationship between time and the
number of people in a movie. Throughout the 2.5-hour movie, not a single L
person enters or leaves the theatre. There were 80 people watching a movie.

a) The independent variable is ’*’M
The dependent variable is’ Aun bar @ﬁ M

b) Express, in words, the relationship between time and number of people in theatre during the movie.
‘}’Mﬂ M MJ L0 pravh ~ MW, as mwfr

c) Express, as an equatlon the relat:onshlp between time and number of people in theatre during the movie.

Use t for time and p for the number of people. P ‘J:O

d) Draw a graph of the relation. e)Calculate the slope of the
graph.
, @ﬂ‘) af ‘ rvs 10
i) W \s' - CD)PD)
n‘v}ﬁ‘ - & W ....f? ' ( YA, A)
3 r ’ + » W=l
f'O ) = B
20 | } T 1o
30 [ g0 | v =0
Y] N j 5 9v y;
é we ™M ?”1,' L )
94 e .
™Y
Ld | __u,"’:’—-h—"“‘y

o e

be
: - - 0 A
a {i‘:«t /hg,({) r ¢ ! j)ﬁ .{)U 041 ‘“’*

Lrmnd

The Four Different Types of Slopes for Directions

W deAgis i ST H
niyge gl egative v I
Slope _ :
Positive Slope Negative Slope Zero Slope Undefined Slope
i Increasing Decreasing Horizontal Line Vertical Line
) A > Examples of Slopes for Steepness
Hé Zero Slope JE— / / /
Y@ Not Steep A Little Steeper Even Steeper Very Steep
“%’, Slope = 0.1 Slope = 1 Slope = 2 ] Slope = 4 .|
Slope \
5 L
Mountain

T
";"‘ T L, 4“"‘*7“’ —':) 36

e




Use a 6raph to find Equation of Line and to Calculate Slope

EXAMPLE /layesh is saving his money and is interested in tr'ackmg the vqlue of his investment
over timé, Hus prmc:pal amount is $2\06\Each year, his investment. mcreases $15 m value.

a) Is this r'ela‘rlon a da;';ct;r parﬂal variation? }\lJ‘}"'\("lf (A/)h* pe ( WAW D)
b) Express, in words, the relati een the value (v) of his investment, and time (t). :

Vot Mud- 115 bime 1 of verrs 1+ initd 1 Pt oz -

c) Expressas an equa'rlon the relation between ‘rhe value (v), and time (1). _V2 15 f +20u0
d) Draw agraph of the equation for the first 5 years of the investment. (First make a table
of values.)

o lges) |5 L | 2 21 9v |5
VAl 0 vl 2o [ 2€ | 23 | 245 | 20 | 235

VAT R
\/ N 'M}\\J \mvtoﬂ'm& owy hV"’ v = S—T + ‘;/ OO
S EEED
) J"n / ; w(zk, \ *M“ qu}r
8 139 /qu‘ W W» < P /‘) e) Calculate the slope of the gr'aph
l N e
YT
E \S$° M 9
AN _ 2 L Lo
|00 T
= U
(0 = }{!
§ 415 dellars oV v,

0
' - )/hw (YZoes)

NOTE: The slope (15) is the same as the constant of_ﬂvar'lahon the equation. This is true for

pr———

all linear equations (direct or partial). The equation for an oblique line (not vertical or
horizontal) can now be written:

Partial variation: Dependent variable = slope x independent variable + fixed value 3()

For a direct variation, the fixed value is zero and is not included.

Direct variation:{ Dependent variable = slope x independent variable @4

**Write these general formulas on your resource sheet **




2. Try it: A student finds the volume and mass of several samples of a substance, and expresses
the relation as the following line graph.

{\ A Compormg Mass and Volume

??nj ¥ T f 1
- EEEEEEEREYE -
W SIS SV [ S . fm S - i
3¢ [ T1 4 re [}
5 " 8 NN T Y. S ! S ’ : A P == -4
= i ] "/ i |
SN 1 . —
100 : I
“ e o S - . S :
] ; | = S !
90 f——t- ‘ | :
N . N L b :
e RN EREN
|  — i
! i ! :
70 ’ : s ! i — ..,-+¢—.- - .“!‘ ‘..i.. é.. ‘
‘6’ R I T W SO W QRSN S S 41 KO N A s e i e
- . / : Cd
w60 ”‘”7 = | 7 i
O o N
*; i
-l
{
i
- - . I ; e Lt O _,L_J
| : [ [ N T { 1 > \/
200 25 30 35 40 45 50 55 40 y

Volume {cm?3)

a) Calculate the slope of the line. (LoceHt 2 o~ -~ bt Lt »
J N K

i - o '\.’h{"' b
\‘A‘z‘ Y. 50-23 . Zf = 2.4 o l‘;}},@,._

7 v MUIV; j > . . . J/’s
B \,A/r‘:,"“ { \ ‘z,,»:“" N

("w - J‘J
’ 3
b) What does the slope of the line represent? ? ) D-, (i
Lt &me D ann S5 0, i d ol wal et

J i
©) Divedt o A armpin s oer oy fonnd?
‘ , }L(_L /Jf,fvl‘ Al j # «t“U,H /Mfﬁ*:ﬂff ,/O/U) Q
c) Expr'ess ’rhe relcmon represented by the Jine graphs as an equcmon 'V\ S v’

) »,wm R 1 2 S ey vy s
W\L V FN VD i




Ly e ‘ (&
e & . r - »A,
I B L o L+ Fidtag e A iy
* ot S 2 4
, T 3,-%, Examples: Slopes & Equations Ot the renfp)
Slope = ¢ (3¢ /vt SABMDleS: dlopes & Lauations P4 L edps
T Name: B Yy nx il
. 1 ¥ jons o following lines: .
1. Determine the slopes and equations of the following lines Equation — ;2 pw. '}L
a) b) J
¥ ¥
. ST — SNE RSP SNV SN S— S - — SESUENN SRR S W SO - = S
9 18
8 _{ i
j 4y
L { . \ {7 13
j . i O N N . ‘\ 9. - ] 1 B SRR S N
4 ' 9
3 ,J;‘l% s
3 R
I { i/
e \
/ 12 324 56 7 8 % 10 11 12 13 X . 1 2 ; 304 5 6 7 8 9 10 11 12 13 X
\\' ' £
Slope:__ 3, <\ Equation: | .. N Slope: = _~ ¢ Equation: '} = 2y
¢) d)
} T ¥
9 9
9 8
L L
4 4
3 / 3
Iy Q /4’//(
I i .
iy
9 t
, 1 17__3 4 3 6 7 8 9 10 1l 12 13 x 2 3 4 5 6 7 8 & 10 11 12 13 x
— < — P .
“Slope: = =L Equation: \\j = 9"\’15 ’ Slope:_ >, Equation: \‘:/) = 'll;/ 4
e) 9]
T 9
408 8
39 B /,
W N 69 /
2 Y 3 et
X ; 40 /, 1 ﬁij
15 1 30 /
~\ N )
10) 7 /29 :
( E } 2 i { 19 1/"
NZEE V7T
Y L2 j 6 8 10 12 14 16 18 20 22 24 26 a l‘\,’ g 2 3 4 5} 6 B
VSR e /T T o
A 3 Y e SIX . ~—""~5 c . B v Ja
Slope: -t Equation: J dS’ Slope:_ Equation: V‘} «




2. Determine the slopes and equations of the following Imes:

a) b)
¥ &
9| 18 j
8 14
7 14
g o 118

l n ~ | 3 ]
A 9
' 2 3 3735 % : 8§ 9 16 1l 1Z 1 E3 R R 7 $§ 9 10 11 12713 X

\ AP 8
4 . - e Y . . -

Slope:___ ' Equation:_J= “3'7 Slope: 5 Equanon:V} ~ 0(

= ;i J

c) d)

y B

39 9

3 / §

o g ]

o y { 8 1

TP

K 3

1 4 |~

: v e

L2 VR A S - BN SR L . // e
+

8 ) 3 //

©

4 1 ’(
9 I~ o

i) 4. [ 8 \10 12 14 16 18 20 Ty g ) 1 2 3 4 5 [ 7 g 9 10 ildiﬁ 13 t
Slo e:!%':T‘.TX Equation: . Slope: L. Equation: V= Val
/ ¢ =3 1 ; P 1 v PR
¢) BONUS f)
¥ §
. N R . _ b IR T WOV A Y B A .
' o ¢ 2 B
4
m?ﬁ\ i @
, 4}\ :
i 1
™~
3 6 9 12 15 18 21 24 27 30 33 36 x 1 2 3 4 5 [ 7 8 9 0 11 12 13 > 4
1 - ¢
Slope: 9% . | Equation: _w= AL ? @ Slope:_ ) Equation: ) = §
z 5 o S >
Coow Y
T J

i { I A'K
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Use Table of Values to Calculate Slope and to Write Equation:

As well as using a graph to calculate slope, you can use a table of values to calculate the slope of a
linear relation, and to then write the equation. Slope is constant in all linear equations. You
must be sure the equation is linear, and then the slope will be the same each time.

EXAMPLE: A fitness club charges $50 to join, plus a monthly membership fee of $35. The table
of values for some of the standard times is:

Number of Months of N _ ] ' ' J
, . - 3 6 ( 12 , 18 |C rtom
i Membership A i U2 | s
Total Cost() C | 155 260 | 40 | 680 |
N) bt e hgf(‘f’f

a) Calculate the slope of the data. (Choose two data pairs to use. Calculate change in
dependent variable, change in dependent variable; then divide.)

j v, Mb S ("7 \7/\'

Choept IR
S Vg e A~ ) ; ) -
V= jz Vi 5 _,.__..J ’\’\(é S W 27
= dogi il MY P
\f? *31 } ' ‘ =

J
4z .

-y ,

@% |2 - ¢

- /0/ 1§ 1¢ B 5
3 = 2y g

b) Express the relation as an equation. (First determine whether the graph is a partial or

direct variation.) C = IS + 6’7)

07 P els wf),?‘j. Ol prendtrrinko Y

4
]
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Slope of a Line Exercise

L

Geaph A Graph B

T istance Travelled T Distance Travelled
S P v 1 . .
‘ 4 4 [ ¢ t i - t ! H 3 ! —— ) - - _r‘ )
25 | ! {44 | S (- - el Ll Ll NENEEEED [[U,ZJ;
$ $ 4t ’ + - . - s : 4 $ o é s > s + "-" . .
¥ - N + ’
: % 1 T
7 (]‘Q\ 4 | ’ 4
— |
£ = it
; 1M ’ » ': 1 &4 { .g‘ .
v 74 : “ G G‘,lg"ﬂ
& t pody ¥ 1241 , — 4 !
2 r 8 3 2 %
” < A - 7
e : ol 3 = 100 y g ¢
3 { /
I\ 24 | 7
75 2 ( Wy R S ant cone SN 4, TS S S SAOW S }‘ 4+ Y S S WS S WD W -
e ,“' ....... ! | }‘; ‘
SC ¥ i ) |
1 s ‘ !" 3 ¥
P 3 ’/r - * - o 24 ? | "";' |
4 | { y, i |
_r" 1+ttt $ s — b —b-§ | ‘)"" ! - - — | —— 4 | - -
QO e : o e L 3
P2 3 4 3 @ ; & 7 C ! 2 I & 5 & A 0
Tirne hours) Time (nowrs)

a) What does the slope of each line graph represent? Sp@}u) ”’ /"\,/ / ,‘ eatl VO Ch v y Uy

b) By observation, which Ime gr'aph is steeper? Explain what that means about the slope.

\ \/)rv\f IR Y ér’m };J ff /MK/

¢) Using the formula for slope, deter'mme the slope of each of the line graphs.

2 1% g 2527157
Z’O‘{ f F oy~ {0
— 0 ';u,;.,.,

=20 b\ <o Jomlt

d) How do the slopes of the line graphs compare to their steepness?




2. All horizontal lines have a slope of zero. In your own words, explain why.

Clange s Aot yorisble [Ny A Lhovg,
oY Afph) 5 TV 2 dnidD byt pusdons

_eALxJLL 2eqp, SO {”t*--&/&m;m 2L,

3. The following line graph represents the relation between the number of boxes of chocolates a
student sells for a school fundraiser and

the profit he earns for the school.
P A Money Earned through Chocolate Sales

] S —— P
‘ } ! |
-] ' ; i s -

-t i a) The independent variable is
T B bepey of chocolate
(SRR NN 7‘3’ the dependent
8|ttt a variable is __#ﬂ% y

i i S I

& s i ; : b) Determine the slope of the line graph.
t&g: S i s ;m. SRS SV . . - v R PR S S ..,,.‘:: .
a 'Y FOUN SNSRI S N .
ol B A — = 2 9
ST A
> (M7

; . . dod oo~

‘ - e . - - -
i - i
T e S A w10 b

Number of Boxes
of Chocolates

¢) Express the relation represented by the line graph as an equation. )0": o, 75 l’

d) What does the slope of the line graph represent? _@m k}' MM V2.4
Yool Qf bhacolde old | N S box -
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Lesson #5: Slopes of Objects:

In this lesson, you will

o Describe slope as 'rise over run’

o Determine whether an object has a constant slope

o Look at the safety implications of slope

o Study the relationship between slope and angle of elevation

Slope of Objects - Slope equals rise over run

When we know two points on a graph with dependent and independent variables, we can use the
formulas that use change in variables.

rise

run

change in dependent variable (vertical) or |stope = vertical change

change in independent variable (horizontal) horizontal change

slope (rate) =

But when we are looking at the slope of tangible objects such as a ramp or a roof, we need to use
a different formula. [Slope equals rise over run. The rise is the vertical height and the

run is the horizontal length.

rise
slope = —
run

The 3 formulas given for slope are all the same formula, just written in different forms.
You need to use the one easiest for you (and the one that works for the situation.) . '
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EXAMPLE 1: Ski jump hills are quite steep. A picture and a diagram are shown. Find the slope of
the ski jump hill. Finding slope here is the same method as before but we're using measurements
instead of data.

.
Q

g 100 m
Tl N rise
v I

< RUN > | 72 m 7{- U

The slope of the hill is . ‘ . That means that for every one metre you move horizontally, you

moveup )y YU, S/op.e . rise :
ron
= IQO
72

= )03&?«*’"

Constant Slope

When using rise over run to calculate the slope of an object, you have to be sure that the
whole object has the same slope (ﬁ consfqnfslope). For example sometimes a roof will
change slope partway up - sometim to the.design, or sometimes just due to a
mistake. A constant slope only occurs with a straight line.

Home builders refer to the slope of a roof as if To check to see if a roof
has a constant slope (or pi'rch),Eivide the roof into intervals (or sec.ﬂon?)& Determine
the slope at each interval. If the slopes are the same, then the roof has a mﬁc:n‘r lope.
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EXAMPLE 2

find an old home they like but they are
concerned about the amount of work
they need to do to repair it. Determine
whether the roof has a constant slope,
because if it does not they need to
rebuild it.

= 0,M) bb,

Fan and Ling are looking for a house and
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EXAMPLE 3

Andriko is remodelling a home. He
needs to determine whether the roof
needs to be repaired. Determine
whether or not the roof is straight.

I
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Slope of Objects Exercise |

1. The Trans Canada Highway is slanted (higher in the centre than on the side
of the road), so that when it rains, the water runs into the ditches, Heading
from Winnipeg to Brandon, the west-bound lanes are 9 feet wide. The
outside of the road.i§ 4 inches lpwer than the inside. What is the road grade
(slope) of the highway? ne{p

1o Brandon

our answer rounded to two decimal places~

riJC + Na

' ] S
“//Tf /,r,:w\tl gfdé‘{( i U:U‘/#}L, :0/0(/
) . f a P A V’ e
[ herond risee g 4., Peer Lor

'ICD"O'# " CroLS

2. A new overpass has been built. Determine whether the incline to the top of
it is constant. Write your answer rounded to two decimal places.

2
14

: 10m
t6m
25m !
e 40 N ——pe
'\ Hevd | | |
: rvas 1Y o~ MW L
= b e 10an (9T Yo,
Slopt = ris< © =0y rijs et ‘

Y2
Th shopsn crt guik clac but et taity
%}Am»@ +o 2 vilcred place. The ranny = 9
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Lesson #6: Rates of Change:

In this lesson, you will

o Describe slope as a rate of change
e Use proportional reasoning o calculate slope
e Use unit analysis to interpret data

i - rate and i easoni , W
Relation to Slope - rate and proportional reasoning | W — \(,\\,{
EXAMPLE 1: Use the following graph to answer the questjons below.

A bistance Caius Walks 'a) Calculate the slope of the gr'apJ/

20— R 7 B VV\ S yl _ y ' &)\ ‘ w\(u‘

18 * / I '\a) i _7(/1/;% Q( i P &,\/)m«n(ﬂ;

16 ~B C{“ 77 S N S »,(o_ - /Lm

14 - [%

£ ol T~ P YT

i_é ol — (b~ N = o= 07 10f
8 ' TS s = |l

|/ N =l s o

4 b) What does the slope tell us c;b;u: !

2l RKOTD\ , - e Caius? Tha W (ales e

g ; > Luallerf )b )5

10
__Time

15 20 2
m. Km/h, mph, m/s, ft./s Th ge 15 the

¢) Without using the graph, calculate how far Caius will walk in one minute.

2 methods: a) Use proportional reasoning using the rate. Before calculating, be sure you are
using the same units in each ration. Remember{l minute = 60 seconds./ Use the rate of m/s to set
up the ratios. Let d = distance travelled in 60 seconds. ™Y\ ht _ |

e —
e

: 11 walk v § *

b

**Tnclude notes about proportional reasoning in your resource sheet.**

b) If you have a direction variation, instead of using rate, use another point from the graph. |

Use point (o) 2 o _l%= d

od
teo = lod aimplfo)

o = [0

d




Converting Rates of Change - Conversion Ratios

In some cases, the units for slope may not be easily understood because they are not commonly
used to describe the rate of change and it is necessary to convert the rate of change.

Example 1
Miruna is driving from Brandon to Dauphin. The speed |lml1' ona stretch of hlghwa

km/h. According to her GPS, her driving speed is 30 m/s " Is she speedmg
(30 m/s is difficult to relate to because we usually descr/bé*speed-m-#m#r—or-m . Also the
speed limit is posted in km/h.)

Step 1: convert seconds to minutes and then to hours. There are 60 seconds in a minute and 60
minutes in an hour.

20m[5ic ko < 1§00 /s
[ fov bo = [of woo m[Aar.

Step 2: convert metres to kilometres. There are 1000 metres in a kilometre.

10§ o000 = jooo = /ob b~[h,

Step 3 re-read the question and answer it in a sentence.

She 15 §peediop.
%JSVMAUJ’OK’CMJXK %%

N
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Example 2:

Sergio is negotiating his allowance with his parents for doing work around the house. He would like
$10 per hour. His dad thinks 15¢ per minute is more reasonable, since he doesn’t spend very much
time doing his chores. Which is the better allowance for Sergio?

Follow the steps in example 1 except this time convert minutes to seconds and then seconds to
hours. Once you have converted the 15¢ a minute to the rate per hour, answer the question in a

sentence.

JS ¢ X 60
= qo0 ¢ [ n°

/
/

900 (*///qr ~ |®

",!_)~
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Exercise: Rates of Change

1. As part of the testing of a new car, a company monitors the acceleration of the car to be sure
that it is smooth. The graph below includes their data. Use it to answer the following questions.

A

Acceleration and Smiaocthness
RN
e
p(177
1
’ |
| )
| W
| v
| N\ )_
| o
N \ ;;Q 3
09 0y . e - : }
N‘&J@"” " ey - oMo Tk \‘r\ﬁf
N
o ;é/
a) Calculate the slope of the graph. - %1 ] o = 77 L
\y/Z B y(f L““ ( | 3 ~
= ;‘F == @ "i:t o b (‘IJ’) ff e léiél’i' /;/( S((CD,)”
o ‘

b) What does the slope mean for this situation?

/QC (s s e si»?“f* L.y ¢t /)/\/ St VNY
IW) WM#M@ é}l/ b P FMk ).! Vi f:.ﬁw,.{,ﬂ:,‘ ,f{»w{" o “ S

¢) How long would it take the car to reach 100 km/hr? Use two methods. You can extrapolate
(extend) the graph to find an approxnmaTe answer. You can set up ratios (see p. 48) to find the

answer. @ E%W g/ff«-m,.) WA - A.—«awzﬁ /(/(;ﬂ:mj{;
@(,\JQ Mx/u-*" o~ Jiret v‘s/‘/)ﬁ-\/m ﬂfw/ , 6) -

Emlhe 6.Y _ o stk Up 1 vadios

hou X = 97 Coos) /;.\ufhf.? é/t(
—_— ST (NP
pru a2

(D 0nd D«
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2. Telmar is riding his bike at 8 m/s. The speed limit is 30 km/hr. Is he speeding?
?ﬂ;\ ‘J \[ 60 R ‘,,,/d;k) 7 /mm
S | - - y
Yfnn Y62 F 26 B mlh

>d o002 = /05 =28.p kalh.
He o nor specds

3. Canadian highway speed limits are often 100 km/hr. In the US, the highway speed limit is approximately
60 mph. Which is faster? Convert miles to kilometres or kilometres to miles. (1mi=1.61km)

- M//?

"fwm 694'&,94)
o~
6o w\,‘/f\f X L] = 76.9 /C"—\/er,
(lor Har fo.bn fbr y
/DO k«/”n /V\ 'a &TJ < ///%j( //g]%(//

// —

b l‘: ;}‘ - I b Z -
[0 k[ ar = 105 52

4. Idraisfilling a 4 L bucket with water. The water pours at 15 mL per second. (1 litre = 1000 mL)

a) Calculate the flow rate in L/min. b) How long will it take to fill the bucket?

/S/’V\/Q /Jé( ‘: /Ooo — D IS j/ﬂg
0- 015 Z/J/C Y bs = 0.9 Mfuia.

4 Q N ZESUPNE] 7 n #ﬁ//u,af/d

Wdcfa 7.
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Lesson 7: Scale

Scale Drawings

Scale Measurement

We use a scale drawing to
represent something to big or
too small to be drawn at its
actual size. A scale drawing is
proportional to a life size
drawing of the same object. It
is a drawing that shows a real
object with accurate sizes
reduced or enlarged by a certain
amount (called the scale factor).
An object may be many times as
large as the scale drawing or

many times smaller.

Seale of 211

A scale factor is a ratio of the length of the drawing to the actual length of the object.

Scale drawing problems are solved using proportional reasoning and finding equivalent ratios.

Scale drawings have many applications in everyday life. Examples include: drawing of a floor plan of a
house, a blueprint, a map, a photograph, an enlarged diagram of a microscopic image, a model.

Scale drawings involve
measurements.

Recall the following relationship
between units of the metric
system.

Starting with millimetres (mm), the

( |

[omeTy]
v \x’rer

metric builds by multiples of 10.
(eg. 1 cm equals 10 mm.)

When changing to a smaller unit
(to the right) you multiply by 10.
To change to a larger unit (to the
left) you divide by 10.




Example 1: Find the following measures.

: 1§, S |
(a) 2km = 2’00@ m |(b)dcm= 0 m  (c) 3600 km = cm | (d) 182 mm= O,ﬂlffm
i _ 260000 000 Cn
% Change from ko myou To change from To change from To change from
7( l Qo0& ¢m to m you: km to cm you: mm to m you:
9 l2y 100 00 -
e Mot & et ¢ mout )
PR Sf_'z SPoH Jpo
.
LV wik 3z Ly +h =i
' - C\ W = 3
3 -\ IR L Y
X 10 uw | oS
N U ¢ pnda-

Scale Factors

Scale factor is a Ratio:

First number (top number) is measurement on drawing

Second number (bottom number) is measurement of actual real object

drawing

Drawing : object or real

Scale factors can be represented in various ways:

Words: Ratio - fraction K ~

Ratio — colon ( : ) between length on
1cm represents 1 drawing and length of real thing
50 cm 50 1:50 or 1cm:50cm

**In your resource sheet, write a definition of scale factor and include how to write it.**
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EXAMPLE 2 Write the following scale in two other ways.

a) 1:25 ‘l)'i( lem 3 28 e

(With this form, the unit can be anything.)
b) 1 cm represents 6 km | « 400? 009 | )C"’\: é t"\-\

(For the ratio as a fraction, or as a ratio without units, the units need to be the same. You need to

convert 6 km to cm.) ék/\.‘ X ]05, éo tn_\ X ] 60 000

—

éooo Di}oc"l—, 3 2o

Similar Figures

Similar Figures are figures that have the SAME SHAPE but NOT the

Reai Horse Drawn Horse

1500 mm high 150 mm high same size. The figures are proportionally larger or smaller than each
other. A scale drawing is an object that has the same shape as the actual object and is similar to it.
This means that all the measures of the diagram and the object are enlarged or reduced by the
same ratio. Therefore, given a scale drawing, you can use proportional reasoning to determine the

dimensions of the actual objects.

EXAMPLE 3

The following scale drawing represents a dining room table. If the scale is 1:50, determine the
actual dimensions of the table, in metres. (This means ALL dimensions increase by 50 times.) [Ilm=100cm

e

1. First, use your ruler to measure the dimensions of the dining
room table in the scale drawing.

dining room 4
tale | '
m . 2. Tofind the actual length of the table, set up a proportion

L S | drawin
< erm equating two ratios. Each ratio will be in the form of_——g :

actual

The first ratio is the given scale. The second ratio is the length.
scale length Let “x” represent the unknown length in cm and then in m.
drawing ( < - o s
actual | SO * §O % 250 =100

o ,.,..—-_f"""

3. Cross-multiply to solve for . )(’() =9 LS:?;)\N ’7”\ %‘5 m“

\W e
4. Fcil‘l\o’w the sam?nethod as in steps 2 and 3 to find the width. Actual length: 2-SA-|
- 2. < 51,
g5 PASEE o Actual width: _{ - &3

_ o) =).25 :
%mgg)( o | 5



4”““

1.Tryit:

The length of an auditorium is 22 m, and the Wldth is 14 m. Use a pencil and ruler to draw a scale
diagram of the auditorium using the scale factor- - 1cm represents 4 m.

(Use the steps from p. 53 to set up a proportion to find the length and width of your reduction diagram. Then
use a ruler to draw the scale diagram. You need to include the scale factor so that anyone looking at the
drawing is able to calculate the actual dimensions of the object.
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Exercise: Scale

1. Complete the following chart.

iLength in . Actuai Length Scale
wing (cm {crmn}
68 100 680 | | “loo
52 Y 209 10 400 | |2 2002
45 |° aqs 110
Y. R P
q — 180U 1:20
2";”ﬁ€5r’e’;;;t the following scale factors in two other ways.
_-L -
a) 1 cm represents 8 m S o2 ' : §0°
T
b)_l_. )J/\i’\' (Q,ﬂf%%) 12 Vﬂg'-}f ':"O
[ |
c)1:3 7 ’ (/AJ' Y A pr S onls

I o

3. A building is 130 m tall. If the height of the building in the scale drawing is 3.25 s, what scale factor is
used in the drawing?(D C/J\/\W } /bdi\érv-j ™ HoCom -
) — oD ™
|30 K [OX1Z =130 :

Ao 3
a(+FV 7;‘?"55'3 — X |
?_;’z,’:;é - /j/u\—));) / (Z/Owcm.; [00= ‘/o

N — g. T )/ . .
{ -2 K = Yooo / “{cm ~m
4. Avolleyball court measures 5 m by 8 m. If it is drawn with a scale factor of 1:300, what are the:

dimsenions of the volleyball court in the scale drawing?

@W"' r~ 4o C+ - {/Y’t\L)OU‘.\/DQCrL\; O”’k)(/oo = -

=™

‘ﬂ\w Lo XN NaLECN %oo:%:im
| ey NN J00 g0 2000 =529
200 fz &9 Zos  $7° )
Foa 302 v = o™ 56
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5. Calculate the actual height of the house.

A ;
?ft T
8.5in| B8 B
L i 10
scale: Zin to 5ft

®/j /’Q = g:L-

rond () 5,. ~
2)( = 42,(

X = 2/-25 £ //‘WAZ”/A

6. A contractor has a blueprint for a house drawn to the scale 1 in: 3 ft. One wall of the house will be 12
feet long when it is built. How long is the wall on the blueprint?

dawry n L =D

v € It
I = —
ED

. q e onll e
&7&“"‘“‘5 fi’.«ﬁ"*;i@fu
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